Visual observations made at the time of surgery have suggested that fibrosis is more common in irreversible asynergic zones.2 3 It has also been shown that fibrotic areas are associated with the presence of Q waves in epicardial electrograms.9 1 ' However, no histopathologic or electrographic data are available to compare differing degrees of ventriculographically defined asynergy and the characteristics of potentially reversible and irreversible segments. This study was, therefore, undertaken to more precisely determine the histopathologic and electrographic counterparts of responsive versus unresponsive asynergic segments as defined by nitroglycerin ventriculography. 
VENTRICULOGRAPHY IS CURRENTLY the best method for assessing both the presence and severity of asynergy in living man.1 However, surprisingly little is known about the underlying characteristics of asynergic zones as defined ventriculographically. In this regard, considerable interest has focused on determining the potential for improvement of abnormally contracting segments of the left ventricle in patients with coronary artery disease. [2] [3] [4] Previous studies from our laboratory2 and others5' 6 have shown that nitroglycerin can improve contraction of some asynergic zones, a response which is highly predictive of a corresponding zonal improvement following insertion of a saphenous vein bypass to the artery subserving that segment. Several factors are important determinants of improvement. The presence of pathologic Q waves on the surface electrocardiogram,7 severe proximal coronary artery disease,8 and more severe forms of asynergy significantly decrease the incidence of responsiveness to nitroglycerin, while the presence of coronary collaterals enhances the likelihood of improvement. 7 Visual observations made at the time of surgery have suggested that fibrosis is more common in irreversible asynergic zones.2 3 It has also been shown that fibrotic areas are associated with the presence of Q waves in epicardial electrograms.9 1 ' However, no histopathologic or electrographic data are available to compare differing degrees of ventriculographically defined asynergy and the characteristics of potentially reversible and irreversible segments. This study was, therefore, undertaken to more precisely determine the histopathologic and electrographic counterparts of responsive versus unresponsive asynergic segments as defined by nitroglycerin ventriculography. To facilitate the correlation of ventriculographically determined asynergic sites with the corresponding anatomic location at the time of surgery, the antero-apical and the inferior zone were specifically examined. These areas were chosen for their ease of demarcation by right anterior oblique ventriculography. In addition, their low vascularity rendered biopsy a safe procedure. During surgery, epicardial electrograms were recorded from multiple sites beginning over the right ventricle and then sequentially from the region next to the septum, antero-apical area, lateral wall and the inferior aspect of the left ventricle. The antero-apical area was taken as the zone between the anterior interventricular groove and a line [4] [5] Epicardial electrograms consistently showed initial R waves over all sites in eight of nine areas which improved with nitroglycerin ( fig. 4) . In contrast, of the 11 segments unresponsive to nitroglycerin, eight demonstrated initial Q waves in all electrogram recordings (table 2 and fig. 5 ). One hypokinetic area which improved had local Q waves while three akinetic areas which did not respond to nitroglycerin showed an initial R wave in the epicardial electrogram ( In nine patients, both histopathologic and electrographic data were available from the same site in 11 areas. Of four hypokinetic zones which improved after nitroglycerin, from 15.3 ± 1.9 to 40.7 + 5.1% (P < 0.01), and one dyskinetic zone which improved, from -3.0 to 20.0%, all had less than 10% muscle loss. Four of these five also had initial R waves in the corresponding epicardial recordings. One hypokinetic area demonstrated an initial Q wave.
In contrast, there were six areas unimproved by nitroglycerin. Of three akinetic zones one had greater than 50% fibrosis and a QS complex, while two had 10-49% muscle loss with associated initial epicardial R waves. The three dyskinetic segments demonstrated over 75% muscle loss with associated epicardial Q waves.
Discussion
The demonstration of an increase in inward systolic motion of asynergic segments of the left ventricle following nitroglycerin2 or post-extrasystolic potentiation4 has given impetus to the concept that these "'responsive" asynergic zones consist of viable, chronically ischemic myocardium possessing residual contractile ability. Conversely, asynergic zones which are "unresponsive" to these interventions have been considered to be comprised primarily of scar tissue.2 However, the possibility also exists that the "improvement" is more apparent than real. Thus, the increase in inward systolic motion may represent improvement of an asynergic area occurring as a passive accompaniment of enhanced contraction of its surrounding normal myocardium.
Experimental data from our laboratory has tended to support the prior concept since direct measurements of asynergic zonal contraction indicated that improvement in contractile ability can occur in a partially ischemic area of myocardium following administration of nitroglycerin.17 In addition, post-extrasystolic potentiation has also been shown to result in segmental improvement in contraction of ischemic myocardium.18 However, it is difficult to directly extrapolate this experimental data to the clinical setting.
The present study indicates that an area of the left ventricle which responds to nitroglycerin is characterized by the presence of histologically normal myocardium. In contrast, unresponsive areas are comprised of significant amounts of fibrotic and necrotizing myocardium. This correlation strongly suggests that it is the involved segment itself which If coronary bypass surgery is to be of value in preserving and improving asynergic areas of the left ventricle, it is clear that this will depend on the degree to which the presence of potentially viable myocardium can be predicted preoperatively. The present study indicates that an abnormally contracting segment which improves with nitroglycerin is comprised of histologically intact myocardium and is usually associated with epicardial R waves. Thus, the further clarification of the characteristics of an asynergic segment using nitroglycerin2 or post-extrasystolic potentiation4 ventriculography provides a means of preoperatively determining which segments may benefit from coronary bypass grafting.
